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Abstract 
Previous investigation on the impact of crude oil on the growth of tropical legumes and its effect 
on nitrogen dynamics in wetland ultisol showed that oil contamination reduced N uptake by 
plants but increased N accumulation in soil microbial biomass. Moreover, the presence of hydro-
carbons widened the C/N ratio in soil and led to more available N being immobilized by soil mi-
croorganisms. The present study was carried out to evaluate the activity of ammonium oxidizing 
bacteria (AOB) and their nitrification potential rate (NPR) in wetland soil under a remediation 
course. Mineralization studies showed that ammonium-N levels decreased while nitrate-N in-
creased progressively in the uncontaminated soil (control) cultivated with leguminous plants 
(cover crops) during the 12 weeks remediation period. However, the remediated soils were af-
fected in different ways. The experimented soil cultivated with Centrosema pubescens had higher 
mineral nitrogen (NH4-N, NO3-N, NO2-N, Total N and P) than soil cultivated with Calopogonium 
mucunoides and Pueraria phaseoloides. AOB counts recorded were in the ranged, 2.25 × 102 - 2.66 
× 105, 2.31 × 102 - 2.11 × 104 and 4.25 × 102 - 2.98 × 104 respectively. The highest NPR was found in 
uncontaminated soil (11.68 - 60.92 nmol N/g dry weight soil (DWS)) followed by soil treated with 
poultry manure (9.65 - 24.86 nmol N/g DWS/h), NPK (7.88 - 39.45 nmol N/g DWS/h) and in the 
oil-contaminated soil (0.11 - 1.87 nmol N/g DWS/h). The relations between NH4-N concentration 
and NPR in soil cultivated with Centrosema (r = 0.852), Calopogonium (r = 0.745) and Pueraria (r = 
0.722) were positively significant at 95% confidence limit. Similarly the relations between AOB 
density and NPR for Centrosema (r = 0.654; P = 0.05), Calopogonium (r = 0.588; P = 0.05) and Puera-
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ria (r = 0.518; P = 0.05) were significant. The findings imply that nitrification potential of crude oil- 
contaminated soil differs significantly with the nutrient amendment/treatment technique adopted 
for remediation. Our research has shown that treatment of uncontaminated soil with cover crops 
increased AOB and nitrification rate. More so, contaminated soil treated with poultry manure and 
NPK-fertilizer, cultivated with covers crops resulted in remarkable reduction in hydrocarbons 
content and increased population of nitrifiers and nitrification potential rates of wetland soil over 
time. However, contaminated soil treated with poultry manure and cultivated with Centrosema 
pubescens is more effective in bioremediation of crude oil-contaminated soil. 
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1. Introduction 
Nitrogen is a key element in many compounds of plant cells and its availability for plants is an important limit-
ing factor for crop production globally [1]. In soil, the bulk of nitrogen is present in the gaseous or organic form. 
However, plants use nitrogen almost entirely in the inorganic form, through biological nitrogen fixation. In this 
process, atmospheric nitrogen is converted to inorganic nitrogen (NH3), and through nitrogen mineralization, 
organic nitrogen is converted to inorganic forms (ammonium and nitrate). Both nitrogen fixation and minerali-
zation are brought about by the activities of soil microorganisms. In mineralization, organic nitrogen is first 
converted to ammonium ( 4NH+ ) through the process of ammonification and through nitrification 4NH+  is 
converted to nitrate ( 3NO− ), a more mobile form. Apart from nitrification, 4NH+  once in soil solution can be 
held as an exchangeable cation on negatively charged surfaces as found on some soil clay particles, lost by con-
version to gaseous ammonia (NH3) under alkaline soil conditions or assimilated by soil microorganisms and 
plants to supply their N requirements, through the process of immobilization [2]. Through immobilization, soil 
inorganic N is assimilated back into the microbial population and is tied up as organic N, temporarily reducing 
the plant available N pool, and through nitrification 4NH+  is converted to a more mobile form ( 3NO− ). Thus 
immobilization and nitrification are vital processes that regulate plant available nitrogen in soil. 

Pollution of arable lands by hydrocarbons arising from transformation and exploitation of crude oil and its re-
fined derivatives affect soil properties in various ways. Remediation of contaminated sites is usually attained 
through natural attenuation by microbial activities [3] [4]. Such activities are usually enhanced by organic and 
inorganic nutrients amendment as well as the cultivation of cover crops such as Centrosema pubescens, Calo-
pogonium mucunoides and Peuraria phaseoloides [5] [6]. [7] observed that addition of hydrocarbon to an un-
contaminated soil stimulated immobilization of nitrogen derived from mineralization of the available organic ni-
trogen, leading to reduced nitrification. Nitrification, a microbial aerobic autotrophic oxidation of ammonia, is 
one of the processes in which ammonia is removed from the environment and one of the prominent biochemical 
processes in the global nitrogen (N) cycle and in individual ecosystems. Several in vitro studies have shown that 
pure cultures of Nitrosomonas europaea, a ubiquitous ammonium oxidizers, also oxidizes a wide variety of hy-
drocarbon substrates through the action of ammonia monooxygenase the first key enzyme in the autotrophic ni-
trification process [8]. Such cometabolism of hydrocarbons via the ammonia monooxygenase pathway may be 
considered as a competitive cooxidation which reduces the rate and extent of ammonia oxidation.  

The present study was designed to determine the activity of ammonium oxidizing bacteria (AOB) and their 
nitrification potential rate (NPR) in crude oil contaminated wetland soil under remediation course with nutrient 
supplements and tropical legumes. 

2. Materials and Methods 
2.1. Physicochemical Analysis of Test Soil 
Soil samples were collected aseptically from the contaminated site and experimental boxes for physicochemical 
analysis. The samples were air dried and passed through a 2 mm sieve. Particle size distribution of the soil sam-
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ples were analyzed by combination of wet sieving and hydrometer techniques [9] using calgon as the dichromate 
wet oxidation methods of Walkley and Black as modified by [10]. Soil pH was determined in water using a pye 
Unicam pH meter [11]. Hydrocarbon content in soil was analyzed by gas chromatograph (HP5890) after ex-
tracting the soil samples with dichloromethane [12]. 

Mineral nitrogen was determined by an automated water analyzer (water auto-analyzer, swAAT, BLTEC, 
Tokyo, Japan). 20 g of soil sample was placed into a polypropylene centrifuge tube and tightly capped. After 
centrifugation at 4000 g for 15 min, the supernatant was collected, filtered through 0.45 µm-pore-size cellulose 
ester filter (Advantec, Toyo Roshi Kaisha, Tokyo, Japan), and frozen immediately until analysis. NH4-N, NO2-N, 
NO3-N, PO4, Total Nitrogen (TN) and Total Phosphate (TP) were analyzed using an automated water analyzer. 
The TN and TP concentrations were measured by peroxodisulfate oxidation [13] while NH4-N concentration 
was determined by the method of the alkali phenolhypochlorite reaction detected photometrically at 630 nm. 
NO2-N concentration was analyzed by diazotizing with sulfanilamide and coupling with N-(1-naphthyl) ethyle-
nediamine dihydrochloride to form a highly colored azo dye and detected photometrically at 550 nm. NO3-N 
was determined by the same method for NO2-N after NO3 was reduced by the cadmium reduction process. PO4 
was determined by the ascorbic acid method at 800 nm.  

2.2. Experimental Design 
Twenty litres of Bonny light crude oil was poured on each of the ten plots with dimension 4 × 4 ft. The objective 
was to simulate conditions of a major spill. The plots were left undisturbed for a period of one week. After one 
week, the top soil (3 cm depth) of the polluted plots were removed manually, homogenized and stockpiled. Pre-
cisely 10 kg of the composite soil sample containing 50 g/kg of hydrocarbons was transferred into four 2 × 2 ft 
porous-bottomed wooden boxes. All planting boxes were watered consecutively for three days with surface wa-
ter obtained from the sample area. The oil treated boxes and control box were left undisturbed for a period of 
one week before the application of nutrient supplements (remediation methods). The period of one week was 
supposed to be enough for contingency plans for combating and abating the oil pollution. Thereafter, the fol-
lowing nutrient supplements were applied:  
1) Contaminated soil treated with 200 g poultry manure, 
2) Contaminated soil with 200 g NPK (15:15:15), 
3) Contaminated soil without any treatment, 
4) Uncontaminated soil without treatment (control soil).  

All treatments except poultry manure was dissolved in distilled water and applied in liquid form to guarantee 
the uniform distribution within the soil medium. After nutrient application, the treated and untreated boxes were 
left undisturbed for four weeks, except for intermittent watering at an interval of two days. These treatments re-
duce the crude oil content in the contaminated soil from 50 kg−1 to 10.8, 15.2 and 48.8 kg−1 in poultry manure- 
treated soil, NPK-treated soil and oil-contaminated soil without nutrient supplement respectively. Thereafter, 
four seeds of each plant were examined to ascertain that they were similar in size before they were seeded into 
the wooden boxes. The plants were watered adequately on daily basis with surface water obtained from the 
sample area for 12 weeks to maintain a permanently wet environment and allowed to adapt and grow in vitro, 
forming buds and leaves. Three sets in triplicate experimental macrocosms were prepared, each for the three 
different species of legumes—Calopogonium mucunoides, Centrosema pubescens and Pueraria phaseoloides. 
Uncontaminated and contaminated soils with and without treatments were also set up to serve as controls.  

2.3. Enumeration of Ammonium-Oxidizing Bacteria (AOB) in Test Soil 
Ammonium-oxidizing bacteria were determined by the Most Probable Number (MPN) method in 1.5 mL sterile 
microtubes. The microtubes were filled with 900 µL sterile medium for ammonia-oxidizing bacteria as de-
scribed by [14]. The medium comprises (NH4)2SO4, 1.32 g/L; KH2PO4, 20 mg/L; MgSO47H2O, 0.1 g/L; 
FeCl26H2O, 0.014 g/L; CaCl22H2O, 0.18 g/L; Na2MO42H2O, 100:g/L; EDTA, 1.0 mg/L, phenol red, 0.002 g/L, 
dissolved in 1L sterile water. The medium was adjusted to pH 8 with Na2CO3. One gram of soil was suspended 
with 9 mL sterile water, and 100 µL of the suspension was used to inoculate the microtube in triplicates, and se-
rially (tenfold) diluted. Incubation was carried out at 28˚C for 20 days. The tubes which exhibited the color 
change from red to yellow due to acid production were tested by adding three drops of a nitrite color reagent 
(sulfanilamide, 10 g/L; n-(1-naphtyl)-ethylenediamine 2HCl, 0.50 g/L; concentrated HCl, 100 mL/L). Tubes that 
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exhibited a red color after addition of the reagent were scored positive for nitrite. The bacterial density was cal-
culated by the MPN formula in Visual Basic program [15]. 

2.4. Determination of Nitrification Potential Rate (NPR) 
NPR is an index of the abundance and activity of nitrifying bacteria, which indicates the ability of a unit of se-
diment to oxidize NH4-N (when NH4-N and O2 are not limiting) [16]. NPR was determined by the method de-
scribed previously [16]-[19]. Briefly, the samples were homogenized, slurred (20.0 g of wet soil/200mL of ste-
rile water) and placed into 300 mL Erlenmeyer flasks. Duplicate flasks from each depth were amended with 
ammonium ((NH4)2SO4; 500 µM) (Wako Pure Chemical Industries Ltd., Osaka, Japan) and sodium chlorate 
(KClO3; 10 mM) (Wako Pure Chemical Industries Ltd.). Control flasks contained ammonium, sodium chlorate, 
and allylthiourea (ATU; 20 mg/L) (Sigma-Aldrich, St. Louis MO, USA) [19] [20]. Flasks were capped with 
aluminum foil and incubated in the dark at 28˚C with constant stirring using a magnetic stirrer at 100 rpm for 96 
h. Samples were collected at intervals over the incubation time. NO2-N was determined in interstitial waters of 
the slurry samples after filtering through 0.45 µm cellulose ester membrane filter (Advantec, Toyo Roshi Kaisha, 
Japan). Since sodium chlorate is a specific inhibitor of nitrification, which blocks the oxidation of NO2-N to 
NO3-N [20], in the presence of 10 mM chlorate, NPR was determined as the linear accumulation of nitrite with 
time [18] [19]. The linear regression analyses were done after the NO2 concentrations in all treatments were 
corrected by subtracting its concentration in the ATU control flash. 

3. Results and Discussion 
The physicochemical attributes of the test soils are presented in Table 1. The sandy loamy soil was characte-
rized with a pH of 6.9. The percentage of soil moisture content was 18% and soil organic matter was 65 g∙kg−1. 
Contamination with hydrocarbons increased the total hydrocarbon content of the soil to 48.8 g∙kg−1. Similarly 
the C:N ratio also increased because hydrocarbon is rich in carbon but deficient in nitrogen. [21] also reported 
increased C:N ratio following hydrocarbon contamination of soil.  

There was a reduction in the hydrocarbon content of the contaminated soils with nutrient supplement and 
cover crops. The hydrocarbon was reduced to 5.6 and 10.5 g∙kg−1 in contaminated soils treated with poultry 
manure and NPK both cultivated with cover crops as against 46.8 g∙kg−1 and 0.42 g∙kg−1 recorded for the oil 
contaminated (without treatment) and uncontaminated soils treated with cover crops alone (which served as the 
control) respectively after 12 weeks. The uncontaminated soil (control) exhibited high concentration of mineral 
nitrogen (NH4-N, NO2-N, NO3-N, PO4, Total P and N) except NH4-N followed by poultry manure and NPK- 
treated soils while the oil-contaminated soil (without treatment) had the lowest concentration of mineral nitrogen 
(Table 1). This implies that hydrocarbon contamination may cause available N to be immobilized into the mi-
crobial biomass thus reducing the availability of N for plant uptake. Mineralization studies showed that NH4-N 
levels decreased progressively in the uncontaminated (control) soil after the third week of incubation but in-
creased progressively in oil-contaminated soil (without treatment) throughout the period (Figure 1). High NH4- 
N levels could indicate enhanced ammonification, reduced ammonium immobilization and reduced nitrification 
since these processes are intricately linked in soil and could influence the level of ammonium in soil [2]. The 
addition of nutrient supplements and the cultivation of leguminous plants (cover crops) resulted in progressively 
increased in NO3-N levels while reduction in NO3-N was recorded in oil-contaminated soil (without treatment) 
(Figure 1). Generally, there was higher NO3-N production in the uncontaminated soil cultivated with cover 
crops (control) than the contaminated soils with nutrient supplement indicating nitrification in soil free from 
contamination (Figure 1). This finding agrees with [7]. They reported that addition of hydrocarbon to an uncon-
taminated soil stimulated immobilization of nitrogen derived from mineralization of the available organic nitro-
gen, leading to decreased in nitrate production. A possible explanation for this might be a competition for am-
monia monooxygenase, the first key enzyme in the autotrophic nitrification process which has been found to al-
so cometabolise hydrocarbons [8]. This implies that reduction in nitrification contributed to the higher ammo-
nium-N levels observed in the oil-contaminated soil. Nevertheless there was no significant difference in NO3-N 
level in samples treated with poultry manure and NPK throughout the remediation period. However, NO2-N was 
not detected in the oil-contaminated soil (without treatment). 

In soil, the bulk of nitrogen is present in the gaseous or organic form; however, plants use nitrogen almost en-
tirely in the inorganic form. Through biological nitrogen fixation, Atmospheric nitrogen is converted to inorganic  
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(a)                                                       (b) 

Figure 1. (a) Concentration of ammonium-N in the different treatment of contaminated and uncontaminated soils. (b) Con-
centration of nitrate-N in the different treatment of contaminated and uncontaminated soils.                                        
 
nitrogen (NH3), and through nitrogen mineralization, organic nitrogen is converted to inorganic forms (ammo-
nium and nitrate). Both nitrogen fixation and mineralization are brought about by the activities of soil microor-
ganisms. In this research, Uncontaminated soil cultivated with Centrosema pubescens had higher mineral nitro-
gen than Calopogonium mucunoides and Pueraria phaseoloides with AOB counts in the range of 2.25 × 102 - 
2.66 × 105, 2.31 × 102 - 2.11 × 103 and 4.25 × 102 - 2.98 × 103 respectively followed by poultry manure-treated 
soil and then NPK-treated soil (Table 1). The contaminated soils with nutrient supplement had concomitant in-
creased in hydrocarbon-utilizing bacteria and other heterotrophic microbes, thus creating a short-term increased 
in biomass [22], which could have mopped up available mineral nitrogen for cell use and biomass proliferation. 
NH4-N was the predominant inorganic N source in the nutrient supplemented and control soil samples. The 
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concentration of NO3-N (ammonia) was higher in the soil samples obtained from uncontaminated soil cultivated 
with cover crops (control) than nutrient supplemented soils with cover crops. NO2-N concentration exhibited 
relatively similar concentration in both poultry manure and NPK treated soil samples cultivated with Centrose-
ma, Calopogonium and Pueraria. However, concentration of NO3-N in soil remedied with NPK-treated soil also 
exhibited relatively similar concentration as observed in soils treated with poultry manure (Table 1). This de-
monstrates the ability of both treatments in bioremediation. 

In this study, nitrification was determined by measuring the accumulation of NO2-N after addition of sodium 
chlorate, an oxidation inhibitor of NO2-N-NO3-N. NPR measures the nitrification rate without limitation of 
ammonium and oxygen by amending ammonium sulfate and stirring during incubation. The accumulation of 
NO2-N production showed high correlations with incubation time. The co-efficient correlations ranged from 
0.929 - 0.951, 0.809 - 0.927, 0.870 - 0.995 and 0.191 - 0.392 in uncontaminated soil (control), poultry ma-
nure-treated soil, NPK-treated and Oil-contaminated soil (without treatment) (Figure 2) respectively. NPRs va-
ried significantly with the remediation approach and controls. NPRs Ranged of 11.68 - 60.92, 9.65 - 24.86, 7.88 - 
39.45 and 0.11 - 1.87 nmol N/g DWS/h were recorded in uncontaminated soil and poultry manure-treated soil as 
well as NPK-treated soil and oil-contaminated soil (without treatment) respectively. Potential nitrification has 
been established to be a reasonable reliable indicator in nitrifying bacteria population size [23]. Therefore, re-
sults from this study are indicative that high NPRs were found in the uncontaminated soils with cover crops 
alone than the supplemented soils with cover crops. In contrast, NPRs in oil-contaminated soil was very low. 
This may be due to insufficient dissolved oxygen which results in low density of nitrifying bacteria. However, 
significant potential nitrification cannot be present in absence of dissolved oxygen [24]. The effects of the three 
legumes on NPRs were clearly exhibited in the nutrient supplemented soils. It was apparent that the poultry  
 

 
Figure 2. NPR of soil obtained from poultry manure- and NPK-treated soils, oil-contaminated and uncontaminated soil. 
Each experiment was done in triplicate.                                                                               
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manure treated soil had relatively higher NPRs among the three legumes in the ranged of 7.18 - 19.65, 6.86 - 
21.88, 8.44 - 18.11 nmol N/g DWS/h for Centrosema, Calopogonium and Pueraria respectively. Similar trend 
was recorded in NPK-treated soil. However, the highest NPR was found in the uncontaminated soil cultivated 
with Centrosema that had ranged of values 11.68 - 60.92. This implies that all ammonium N produced through 
mineralization were quickly consumed in the uncontaminated soil planted with cover crops (control) while this 
is not the case in contaminated soil. Hence, the effect of crude oil contamination on the abundance of AOB and 
nitrification rate in soil is due more on ammonium-N production than on nitrate-N production (Figure 1). 

The contributions of the overall process of ammonium production and nitrate production to net N mineraliza-
tion in the soils were estimated by assessing the relationships between ammonium-N consumption, nitrification 
and net mineralization rates. Results showed that for both contaminated and uncontaminated soils, the relation-
ships between mineralization and nitrification rates were strong and positive (1 > r > 0.88). Spearman rank cor-
relation analysis indicated high correlation between NH4-N concentration and NPR in soil cultivated with Cen-
trosema (r = 0.852), Calopogonium (r = 0.745) and Pueraria (r = 0.722) and were positively significant at 95% 
confidence limit. Similarly, the relation between AOB density and NPR for Centrosema (r = 0.654; P = 0.05), 
Calopogonium (r = 0.588; P = 0.05) and Pueraria (r = 0.518; P = 0.05) were positively significant. The findings 
imply that nitrification potential of crude oil-contaminated soil differs significantly with the nutrient amend-
ment/treatment technique adopted for remediation. Hence, contaminated soil treated with poultry manure and 
cultivated with Centrosema pubescens is highly effective in bioremediation of crude oil contaminated soil. 

4. Conclusion 
The study has shown that nitrification potential rates differ significantly between different soil treatments. The 
low rates of potential nitrification in contaminated soil are as a result of anoxic condition possibly resulting from 
increase hydrocarbon content in the soil which hindered the growth of nitrifiers. Our research has shown that 
treatment of uncontaminated soil with cover crops increased AOB and nitrification rate. More so, contaminated 
soil treated with poultry manure and NPK-fertilizer, cultivated with covers crops resulted in remarkable reduc-
tion in hydrocarbons content and increased population of nitrifiers and nitrification potential rates of wetland 
soil over time. However, contaminated soil treated with poultry manure and cultivated with Centrosema pubes-
cens is highly effective in bioremediation of crude oil-contaminated soil. 
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